ABSTRACT. Spotted mandarin fish (Siniperca scherzeri Steindachne) feed solely on live fry of other fish species once the fry start feeding in the wild. In the present study, 26 polymorphic transcriptome-derived simple sequence repeat (SSR) markers and 14 genomic SSR markers were developed and characterized in S. scherzeri Steindachne by combining a biotinenrichment protocol and transcriptome of F 1 interspecies hybrids between S. chuatsi (♀) and S. scherzeri (♂). These 40 polymorphic SSRs amplified 168 alleles (mean 4.2). The number of alleles, observed heterozygosity, expected heterozygosity, and polymorphic information content per locus were in the range of 2 to 7 (mean 4.3), 0.1111 to 1.000 (mean 0.6718), 0.3118 to 0.8276 (mean 0.6901), and 0.2735 to 0.7902 (mean 0.6298), respectively. Ten of these microsatellite loci deviated significantly from Hardy-Weinberg equilibrium (P < 0.00125) after Bonferroni correction for multiple tests and no significant linkage disequilibrium (P < 0.00006) was ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (4): 19317-19322 (2015) observed. The microsatellite markers characterized from S. scherzeri could be a valuable tool in genetic evaluation for conservation and for assessment of the mechanism associated with unique food preference of S. scherzeri from a genetic point of view.
INTRODUCTION
Spotted mandarin fish (Siniperca scherzeri Steindachne) is a commercially important freshwater fish in China (Zhou et al., 1988) . It has unique food preference. In the wild, once the fry starts feeding, it feeds solely on live fry of other fish species (Liang, 1998) . Among major species of Sinipercinae fishes, S. scherzeri is more likely to accept dead prey fish compared to another mandarin fish, S. chuatsi (He et al., 2013) . In recent years, genetic diversity of the wild S. scherzeri is continuously decreasing because of overexploitation and anthropogenic interference (Luo et al., 2011) .
Microsatellite (also known as single sequence repeat, SSR), a codominant and comprehensive molecular marker, has been extensively used to evaluate genetic diversity in a number of fish species (Liu and Cordes, 2004) . Genomic library enrichment and transcriptome sequencing techniques have given rise to the identification of SSR markers (Li et al., 2004) . SSRs are broadly classified into expressed sequence tag (EST)-SSRs, derived from transcriptome sequences and genomic SSRs (G-SSRs), derived from genomic libraries. Although the SSR loci of S. scherzeri were isolated and characterized in earlier studies, it is still insufficient for studying the genetic diversity and molecular marker-assisted breeding of S. scherzeri. Molecular markerassisted selection (MAS) plays an important role in fish breeding. Therefore, it is desirable to develop highly informative and reliable SSR markers in S. scherzeri. In the present study, we isolated and characterized 26 polymorphic EST-SSR makers and 14 G-SSR markers. Moreover, we found the mean values of number of alleles (N A ), observed heterozygosity (H O ), expected heterozygosity (H E ), and polymorphic information content (PIC) of the G-SSRs to be higher than those of the EST-SSRs. These SSR markers could play important roles in studies on conservation genetics, genetic linkage map, and molecular breeding in S. scherzeri.
MATERIAL AND METHODS
Thirty-six wild S. scherzeri individuals were collected from the Yangtze River. Total genomic DNA was extracted from fin clips using the TIANamp Genomic DNA Kit (Tiangen, Beijing, China) following the manufacturer instructions and DNA concentration was adjusted to 100 ng/µL and stored at -20°C.
Transcriptome sequencing of F 1 interspecies hybrids (from Guangdong Freshwater Fish Farm) of S. chuatsi (♀) x S. schezeri (♂) was performed (He et al., 2013) . A total of 118,218 unigenes were identified during the sequencing. Potential EST-SSR markers were selected among the unigenes employing the default parameters of BatchPrimer3 v1.0 software and corresponding primer pairs were designed using NCBI/Primer-BLAST (available online: http://www.ncbi.nlm.nih. gov/tools/primer-blast/index.cgi?LINK_LOC=BlastHome; accessed on June 18, 2012).
A microsatellite-enriched genomic library was constructed using the fast isolation by amplified fragment length polymorphism of sequences containing repeats (FIASCO) protocol adapted from Zane (Zane et al., 2002) . The total genomic DNA was extracted from fin clips with standard phenol-chloroform method and fragmented with the restriction enzyme, MseI. Specific adapters (5'-GACGATGAGTCCTGAG-3' and 5'-TACTCAGGACTCAT-3') were ligated to the fragmented DNA. Polymerase chain reaction (PCR) products were size selected to preferentially obtain small fragments (300-1000 bp), which were hybridized with 5'-biotin-labeled oligonucleotides (GA/CT) 20 and (CCT/GGA) 15. The enriched DNA were cloned into the pGEM-T vector (Promega, Madison, WI, USA) , and transformed into competent DH5α strain (Promega, USA). White colonies were randomly picked from the primary transformation plates and the isolated plasmid DNA were subsequently sequenced using ABI 3730 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). Identification of SSR clones was performed using SSRHUNTER software (Li and Wan, 2005) . The resulting sequences were first screened for microsatellite (minimum five repeats) and flanking sequences and then PCR primers were designed for selected sequences using the PRIMER PREMIER 5.0 program (PREMIER Biosoft International, Palo Alto, CA, USA).
PCRs were performed in 25 µL reaction volumes containing 2.5 µL 10X PCR buffer, 1.0-3.0 mM MgCl 2 , 50 µM dNTPs, 0.4 µM each primer, 1 U Taq polymerase (Takara, Dalian, China) and 50 ng genomic DNA. PCR conditions were as follows: initial denaturation at 94°C for 3 min followed by 30 cycles at 94°C for 30 s, the respective optimized annealing temperature (Table 1) for 30 s, 72°C for 30 s, and a final extension step at 72°C for 10 min. PCR products were separated on a 8% non-denaturing polyacrylamide gel and visualized by silver staining. Denatured pBR322 DNA/MspI molecular weight marker (Tiangen, Beijing, China) was used as the size standard, to identify the alleles.
The N A , H O , and H E were computed by the POPGENE software (version 3.2). PIC was calculated using the formula (1), where qi, qj are the ith and jth allele frequencies, respectively, while n is the number of alleles (Botstein et al., 1980) . Exact tests for genotypic linkage disequilibrium and for conformance to Hardy-Weinberg equilibrium (HWE) at each locus were performed using the GENEPOP 1.2 program (Raymond and Rousset, 1995) . The SSR markers were classified by Weber's rules (Weber and May, 1989) . All the results were adjusted for multiple simultaneous comparisons using a sequential Bonferroni correction (Holm, 1979) .
RESULTS
A microsatellite-enriched library was constructed from the genomic DNA of S. scherzeri. Eighty-four putative recombinant clones from the enriched library were sequenced using ABI 3730 Genetic Analyzer (Applied Biosystems). We observed putative SSR loci in 74 (88.1%) unique clones. A subset of 50 (67.6% of the unique clones) G-SSR markers (GenBank accession No.: KC920593-KC920642) were amplified for the polymorphism examination. In addition, we examined 98 EST-SSR markers (GenBank accession No.: JX503104-JX503149, JX503200-JX503251). Fourteen G-SSRs (28.0%) and 26 EST-SSRs (26.5%) were polymorphic in the 36 wild S. scherzeri individuals.
The characteristics of polymorphic SSR markers are shown in Table 1 . These 40 polymorphic SSRs amplified 168 alleles (mean 4.2). The N A , H O , H E , and PIC of all the loci were in the range of 2 to 7 (mean 4.3), 0.1111 to 1.000 (mean 0.6718), 0.3118 to 0.8276 (mean 0.6901), and 0.2735 to 0.7902 (mean 0.6298), respectively. After Bonferroni correction, 10 microsatellite loci significantly deviated from HWE (P < 0.00125), which might be due to the limited sample size, sampling strategy, heterozygote deficiency, and null alleles (Miao et al., 2011) . No significant linkage disequilibrium (P < 0.00006) was detected among all of the loci by analyzing the allelic inheritance with the MICROCHECKER V.2.2.3 software (Van Oosterhout et al., 2004) . 
DISCUSSION
It was observed that mean values of N A , H O , H E , and PIC of G-SSRs were higher than those of EST-SSRs, which is consistent with the earlier study in clam (Meretrix meretrix; , suggesting higher polymorphism of G-SSR. EST-SSR, as type I marker, is derived from coding regions, and G-SSR, as type II marker, is derived from non-coding intergenic regions. Therefore, the non-coding sequences displayed higher levels of polymorphism, whereas coding sequences under the functional selection pressure displayed lower levels of polymorphism (Chistiakov et al., 2006) .
We compared EST-SSRs and G-SSRs of S. scherzeri discovered in the present study with those reported in earlier studies (Yang et al., 2012; Huang et al., 2012; Huang et al., 2013; Qu et al., 2013;  In the present study, we isolated and characterized 26 polymorphic EST-SSR and 14 G-SSR markers. The polymorphic EST-SSR and G-SSR markers developed in the study could be remarkable tools for the studies on population diversity evaluation, genetic structure analysis, high-density linkage map construction, and molecular marker-assisted selection of S. scherzeri.
